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ABSTRACT  
Electrospun biodegradable polymers have emerged as promising materials for their 
applications in several fields, including biomedicine and food industry. For this reason, 
the susceptibility of these materials to be colonized by different pathogens is a critical 
issue for public health, and their study can provide future knowledge to develop new 
strategies against bacterial infections. In this work, the ability of three pathogenic 
bacterial species (Pseudomonas aeruginosa, Acinetobacter baumannii and Listeria 
monocytogenes) to adhere and form biofilm in electrospun polycaprolactone (PCL) 
microfibrous meshes was investigated. Bacterial attachment was analyzed in meshes 
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with different microstructure, and comparisons with other materials (borosilicate glass 
and electrospun polylactic acid (PLA)) fibers were assessed. Analysis included colony 
forming unit (CFU) counts, scanning electron microscopy (SEM), and crystal violet 
(CV) staining. All the obtained data suggest that PCL meshes, regardless of their 
microstructure, are highly susceptible to be colonized by the pathogenic relevant 
bacteria used in this study, so a pretreatment or a functionalization with compounds that 
present some antimicrobial activity or antibiofilm properties is highly recommended 
before their application. Moreover, an experiment designed to simulate a chronic wound 
environment was used to demonstrate the ability of these meshes to detach biofilms 
from the substratum where they have developed, thus making them promising 
candidates to be used in wound cleaning and disinfection.  
KEYWORDS: Electrospun polycaprolactone, microfibers, nosocomial pathogens, 
foodborne pathogens, bacterial attachment, biofilm.  
INTRODUCTION 
The use of biodegradable polymers as biomaterials in medical equipment and hospital 
settings set a major advance in modern medicine, being the main advantage their 
capacity to be degraded, excreted or reabsorbed in the organism, thus avoiding surgical 
removal. A wide range of natural and synthetic biodegradable polymers are being used 
in biomedicine, with a great variety of medical applications.
1
 Tissue engineering is one 
of the main fields where these polymers are implemented. The production of three-
dimensional scaffolds provides a space with an structure similar to the extracellular 
matrix, which is appropriate for cell adhesion and proliferation, playing a crucial role in 
new tissue regeneration.
2
 Many advanced procedures have been developed to obtain 
these scaffolds.
3
 Among them, electrospinning is one of the most successful techniques. 
Page 2 of 25
ACS Paragon Plus Environment































































Through this method, fibers in the nanoscale or microscale range are obtained, with the 
possibility of controlling morphology, diameter and pattering of electrospun nanofibers 
over a wide range value.
4
 Polycaprolactone (PCL), a synthetic biodegradable and 
semicrystaline polyester, is one of the most suitable materials for use in tissue 
engineering. Several studies have demonstrated that electrospun PCL scaffolds can be 





 or skin tissue engineering.
9, 10
 Moreover, the use of PCL in 
combination with other compounds, such as nanoparticles or hyaluronic acid, has been 
shown to be a safe and effective wound dressing.
11, 12
 
Hospital-acquired infections caused by multidrug-resistant bacteria are one of the most 
important problem that modern medicine is facing nowadays, presenting incidence rates 
of 5% and 7.1% in the United States and the European Union respectively in 2013.
13
 
Bacteria can attach to biomaterials and proliferate forming biofilms, which can cause 
implant related infections.
14
 Biofilms are microorganism associations, formed by one or 
more species, attached to a substratum and embedded in a complex self-produced 
matrix of polymeric substances, being the main components exopolysaccharides, 
proteins and nucleic acids.
15, 16
 This structure confers protection to the microorganisms 
contained in it. Compared to their planktonic states, biofilm-embedded bacteria are 
significantly more resistant to desiccation, environmental stress, and ultraviolet (UV) 
light exposure, as well as to ordinary antibiotics and disinfectants.
17
 All of this turns 
biofilms into a serious risk in medicine. Biofilm formation is frequent in clinical strains 
and plays an important role in chronic colonization of human tissues and their 
persistence in implanted medical devices.
18, 19
 For all these reasons, investigating 
biofilm formation on biomaterials is a crucial issue for modern medicine. 
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Beyond the biomedical field, there is a growing interest in the utilization of electrospun 
biodegradable polymers in the food industry, due to the many possible applications, 
such as encapsulation of food materials, and their use in packaging or as processing 
aids.
20, 21
 However, most of the foodborne pathogens, such as Listeria monocytogenes, 
Salmonella enterica or Escherichia coli, can manage to colonize different materials and 
surfaces present in food processing plants through the development of biofilm
22
, being 
this an important public health issue. In fact, as with the biomedical field, microbial 
biofilms are a problematic and persistent issue in the food industry, where they have 
been involved in many foodborne outbrakes.
23
  
Bacterial attachment and biofilm formation in abiotic surfaces is a complex process that, 
besides bacterial surface characteristics, is critically affected by surface topography. 
Substratum properties such as morphology, surface chemistry, roughness, material 
surface energy, wettability, or zeta potential influence the colonization of a 
biomaterial.
24, 25
 Despite the critical importance of biofilms for public health, and the 
growing use of electrospun microfibers in several fields, to our knowledge, there are 
only a few studies focusing on microbial adhesion, colonization and biofilm formation 
on these structures. The analysis of interactions between bacteria and electrospun 
micro/nanofibers is relevant to develop new strategies to prevent the occurrence of 
associated infections, and to determine new potential applications of these novel 
materials. Kargar et al. investigated the interactions of bacteria with fibrous substrates, 
finding that the adhesion of Pseudomonas aeruginosa on polystyrene (PS) fibers is 
dependent on fiber diameter and spacing.
26
 Abrigo et al. observed that the diameter of 
the fibers influences the ability of E. coli, P. aeruginosa and Staphylococcus aureus to 
proliferate and colonize electrospun PS fibers.
27
 By the same token, these authors 
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In this study, the ability of three pathogenic species belonging to different environments 
to adhere to electrospun PCL microfiber meshes and form biofilms was analyzed and 
compared using different assays. Two of the most important Gram-negative nosocomial 
pathogens, P. aeruginosa and Acinetobacter baumannii, with the capacity to acquire 
and develop multiple resistance mechanisms
29, 30
 were used in this study. In addition, 
the ability to form biofilm in these microfibers was studied in L. monocytogenes, one of 
the most important foodborne pathogens.
31
 The attachment, the structure and the 
viability of the biofilms formed on these meshes were studied using crystal violet (CV) 
staining, scanning electron microscope (SEM) and colony forming unit (CFU) 
quantification. Also, since P. aeruginosa and A. baumannii are frequently involved in 
wound infections,
32
 bacterial transfer experiments using PCL meshes in direct contact 
with bacteria previously grown in agar plates were performed to simulate a wound 
environment. Furthermore, CFU count assays were carried out to study the influence of 
the PCL mesh microstructure on bacterial attachment, and to perform comparative 
experiments with borosilicate glass and electrospun polylactic acid (PLA) fibers, 
materials commonly used in hospital environments and biomedicine applications 
respectively.  
MATERIALS AND METHODS 
Materials and specimen preparation 
All PCL microfiber meshes used in this study (NBARE, Pro3 and Pro4) were supplied 
by Nanofaber S.R.L. All of them were synthesized using the linear thermoplastic PCL 
diol polymer CAPA® 6800 (80,000 MW) (Prestor), chloroform (99.2% purity, 
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stabilized with 0.6% ethanol; VWR) and dimethylformamide (DMF) (100% purity; 
VWR). PCL was dissolved to obtain 12% (w/w) solutions in 40 mL DMF/chloroform 
35:65 (NBARE), 40 mL DMF/chloroform 20:80 (Pro3) or 40 mL chloroform (Pro4). 
Table 1 shows the values of the electrospinning parameters that were used for each fiber 
type. The electrospun material was deposited on a flat aluminium collector. NBARE 
meshes are formed by 2 kinds of microfiber with different size, while Pro3 and Pro4 
meshes present a uniform microfiber size (Table 1). PLA fiber meshes were supplied by 
Nanopharma a. s. Round dishes of all biomaterials were obtained with a round punch 
with a diameter of 12 mm. Borosilicate glass coverslips of 12 mm in diameter (Thermo 
Scientific Menzel) were purchased from Fisher Scientific. Before use, all materials were 
sterilized by immersion in 70% ethanol (v/v) for 30 minutes, and UV irradiation for 30 
minutes. 
Table 1. Parameters used for the electrospinning of PCL solutions and microfiber 













































Pro3 4000 29 1.7 60 6 24 60 2.21±0.48 
 
Pro4 4000 23 1.7 60 6 24 60 6.43±1 
 
Bacterial strains and culture conditions 
The bacterial strains A. baumannii ATCC 19606, P. aeruginosa PAO1 and L. 
monocytogenes NCTC 11994 were purchased from Spanish Type Culture Collection. A. 
baumannii and P. aeruginosa were maintained at 30ºC in Luria-Bertani (LB) broth or 
agar. L. monocytogenes was maintained in Tryptic Soy broth (TSB) or agar at 30ºC.  
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Bacterial count determination 
To study the number of bacteria attached to the different materials, one colony of each 
strain grown on agar media was inoculated into 5 mL of liquid media and incubated 
overnight. Then, a dilution 1:100 of the overnight culture was dispensed into each well 
of a 24 well plate containing materials, and incubated at 30ºC for 48 hours under static 
conditions. The materials were then rinsed three times with Dulbecco's Phosphate-
Buffered Saline (DPBS) to remove any unbound bacteria, and transferred into sterile 
conical tubes containing 5 mL of DPBS. The tubes were vortexed at full speed for 1 
minute and then placed in an ultrasonic bath and sonicated for 15 minutes at low power 
intensity, to release the attached bacteria from the material. After an additional vortex 
step, suspensions were serially diluted with DPBS and cultured overnight. The CFUs 





) was calculated. Each assay included at least three 
independent replicates. 
Scanning electron microscopy 
Biofilms of each strain were grown under the same conditions as those explained above. 
Once microfiber meshes were washed 3 times, they were fixed with 2% 
paraformaldehyde, 2% glutaraldehyde, 3 mM CaCl2 in DPBS, and sequentially 
dehydrated for 10 min in 50, 70, 80, 90, 95 and 100% (x2) (v/v) ethanol. Finally, the 
meshes were coated with a layer of gold and examined with environmental scanning 
electron microscope (FEI-Quanta 200F). 
Electrospun meshes NBARE, Pro3 and Pro4 were previously coated with gold (15-30 
nm) using the Edwards Sputter/Coater S150B deposition chamber and observed and 
analyzed with scanning electron microscope (Leo 1530, ZEISS, Germany). 
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Crystal Violet assay 
Biofilms of each strain were grown under the same conditions as those explained above. 
After the washing step with DPBS, meshes were transferred into clean wells, and 
stained with a 1:2 dilution of 1% (w/v) crystal violet solution (Sigma-Aldrich) for 30 
minutes at room temperature. The excess stain was washed 3 times with DPBS, and 
membranes were transferred again to clean wells and photographed. All experiments 
were carried out in triplicate. 
Agar-mesh bacterial transfer experiments 
Bacterial transfer experiments were performed according to a method described 
previously by Abrigo et al. 
27
 In brief, one colony of each strain grown on agar media 
was inoculated into 5 mL of liquid media and incubated overnight. The obtained culture 
was diluted up to an optical density at 600 nm (OD600) of 0.3 in clean media, and 100 
µL of the suspension was spread onto agar plates, which were incubated 18 h at 30ºC to 
obtain a confluent biofilm. Subsequently, microfiber meshes were placed on the agar in 
contact with the biofilm, and the plates were incubated 1 h at 30ºC. After incubation, 
meshes were removed from the plate, and the culture was checked for the presence of 
spots. 
Statistical analysis 
Statistical analysis data are presented as means ± SD. Differences between the 
attachment in PCL microfiber meshes and other materials were stablished using a 
Student's t-test. The one-way analysis of variance (ANOVA) was used for multiple 
comparisons, followed by Tukey post hoc test. Statistical tests were carried out using 
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Prism 6.0 (GraphPad Prism, GraphPad Software, Inc.). Differences were considered 
significant at P ≤ 0.05. 
RESULTS AND DISCUSSION 
Determination of biofilm formation in PCL microfiber meshes by different 
pathogenic strains. 
Microbial biofilms are formed by a matrix of extracellular polymeric substances that 
allow bacteria to resist chemical and physical stress.
33
 Biofilms have a high impact in 
industrial and clinical settings, representing a significant concern for human health. In 
this study, the susceptibility of commercial electrospun PCL microfiber meshes 
specially designed for use in biomedicine, named as NBARE, to be colonized by 
different bacterial pathogens has been analyzed. For this purpose, different 
methodologies were applied. Figure 1 shows the structure of NBARE fibers. This mesh 
type consists in two kinds of fiber with different size, one with an average fiber 
thickness of 2.19 µm, and the other with an average fiber thickness of 0.80 µm.  
 
Figure 1: SEM image showing the microstructure of NBARE fibers. Overview (A) and 
detail (B). Image A: Original magnification ×3000 (Scale bar =10 µm); Image B: 
Original magnification ×10000 (Scale bar =1 µm) 
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To investigate the ability of the different pathogenic species to colonize PCL 
microfibers, meshes were exposed to liquid cultures of the strains under study during 48 
h. After this incubation period, meshes were washed and adhered bacteria were 
detached by vortexing and sonication. CFU counts were used to analyze the number of 
viable bacteria attached. The results obtained are represented in Figure 2. P. aeruginosa 
and L. monocytogenes had similar Log CFUs/cm
2
 attached to PCL microfibers, while A. 
baumannii presented a statistically significant reduction of attached bacteria in 
comparison with the two other strains (P≤0.001), presenting a bacterial load of around 1 
log unit lower than the others.  
 
Figure 2: Ability of different bacterial strains to attach to PCL fibers expressed as Log 
(CFU/cm
2
). Data represent the mean (± standard deviation, SD) of three independent 
replicates. Differences were stablished using a One-way ANOVA, and considered 
significant at P≤0.05. ***P≤0.001. 
Biofilms were also analyzed using SEM (Figure 3). We observed that P. aeruginosa 
(Figure 3A, B, C) and L. monocytogenes (Figure 3G, H, I) showed high ability to form 
biofilms in PCL microfibers. In both cases, the microbial biofilms spread across the 
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mesh, being able to form continuous layers over the microfiber nets. These results are 
consistent with those obtained in CFU counts, which showed very high values of 
bacteria/cm
2
. However, the images obtained for A. baumannii are intriguing (Figure 3D, 
E, F), since we could not find a clear evidence of the attachment of this bacteria to PCL 
microfibers through the SEM analysis. CFU data corresponding to the attachment 
analysis of this strain suggested that it has the ability to form biofilms into electrospun 
surface. Therefore, it could be possible that the sample preparation protocol for SEM 
analysis alters the weakly formed biofilm, causing a massive detachment.  
 
Figure 3: SEM images showing bacterial biofilms of different pathogenic strains 
formed on PCL fibers. Biofilms formed by P. aeruginosa (A, B, C); A. baumannii (D, 
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E, F) and L. monocytogenes (G, H, I). Images A, D and G: Original magnification 
×3000 (Scale bar =40 µm); Images B, E and F: Original magnification ×10000 (Scale 
bar =10 µm); Images G, H and I: Original magnification ×30000 (Scale bar =4 µm). 
A qualitative analysis of the bacterial attachment to the PCL meshes was also performed 
using crystal violet staining (Figure 4). Crystal violet stains the whole biofilm biomass, 
including cells and extracellular polymeric matrix.
34
 As expected after the results 
obtained in the CFU determination and SEM experiments, all meshes appeared 
completely stained. Depending on the bacterial culture put in contact with the 
electrospun polymeric surface, different intensities of the stain could be distinguished, 
suggesting differences in the biomass content of the biofilms attached to them. Meshes 
incubated with P. aeruginosa (Figure 4B) presented the most intense color, followed by 
the meshes incubated with A. baumannii and L. monocytogenes (Figure 4C and E 
respectively), indicating that biofilms formed by this strain presented the higher amount 
of biomass. Control meshes incubated with culture media without bacteria were not 
stained by CV (Figure 4A and D). Remarkably, the PCL microfiber meshes incubated 
with A. baumannii showed to be well stained by the crystal violet reagent, indicating the 
formation of a biofilm by this bacterial specie. This result is coherent with the CFU 
quantification results obtained for this strain, but not with our observation through SEM 
analysis. In this regard, as suggested above, it may well be that sample preparation 
protocol for SEM analysis caused complete bacterial detachment. 
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Figure 4: CV staining of biofilms onto PCL microfiber meshes. A: Control meshes 
incubated with LB; B: Meshes incubated with P. aeruginosa; C: Meshes incubated with 
A. baumannii; D: Control meshes incubated with TSB; E: Meshes incubated with L. 
monocytogenes. 
Ability of electrospun PCL microfiber meshes to detach preformed biofilms from 
the substrate. 
PCL presents good characteristics such as biocompatibility, biodegradability, and great 
strength properties, which make this material appropriate to be used as wound 
dressing.
12
 For this reason, we found interesting to examine the ability of the selected 
bacterial strains to attach to the PCL microfibers in a wound dressing experiment 
following the method described by Abrigo et al.
27
 Through this method, by putting PCL 
meshes in direct contact with confluent biofilms grown in agar plates, a realistic model 
that simulates a wound bed contaminated by bacteria is obtained, and the capacity of the 
meshes to attract and remove the bacterial cells can be studied. P. aeruginosa and A. 
baumannii are frequently involved in wound infections.
32
 L. monocytogenes was also 
included in this experiment in spite of the fact that wound infections caused by this 
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pathogen are uncommon. Figure 5 shows agar cultures where the mesh was in contact 
with biofilms for 1 hour and removed afterwards. As shown in this figure, it can be 
clearly distinguished where the meshes were placed, as the bacterial biomass present 
under them was almost completely removed in all cases. In a deep examination of the 
plates, it was observed that the spots left by P. aeruginosa and L. monocytogenes 
(Figure 5A, C) were almost clean and free of remains of culture, which suggests that 
these strains attached very efficiently to the meshes. In case of A. baumannii (Figure 
5B), remnants of the biofilm could be observed in the spots left once the PCL meshes 
were removed, which indicates that this pathogen has a lower ability to attach to this 
material. The obtained results are in concordance with those observed in CFU 
determination experiments, where A. baumannii was the strain that presented the lowest 
number of attached bacteria to PCL meshes. Nevertheless, the obtained results suggest 
that electrospun PCL microfibers could be used to attach and significantly remove the 
bacteria present in the surface of a wound. 
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Figure 5: Agar culture after mesh removal: A: P. aeruginosa; B: A. baumannii; C: L. 
monocytogenes.  
Impact of different electrospun PCL mesh microstructure on bacterial attachment. 
In order to study if the ability of the selected bacterial strains to adhere to the PCL 
meshes is affected by the microstructure, two types of meshes with clear microstructural 
differences and different microfiber diameter, named as Pro3 and Pro4, were analyzed 
using CFU counts and SEM. In Figure 6 the structure of both types of these fibers is 
represented. Pro3 microfiber meshes (Figure 6A) were designed with an average fiber 
thickness of 2.21 µm, while Pro4 fiber meshes (Figure 6B) were designed with an 
average fiber thickness of 6.43 µm.  
 
 
Figure 6: SEM images showing the microstructure of Pro3 (A) and Pro4 PCL fibers 
(B). Differences between both types are clearly distinguishable. Original magnification 
×3000 (Scale bar =10 µm). 
Figure 7 displays the results obtained in CFU determinations corresponding to the 
biofilm formation of P. aeruginosa, A. baumannii and L. monocytogenes on the 
microfibers Pro3 and Pro4. In case of A. baumannii, bacterial counts obtained showed 
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that a higher number of bacteria were attached to the Pro3 material when compared to 
the Pro4, but the differences obtained were not statistically significant (Figure 7b). P. 
aeruginosa and L. monocytogenes presented a similar number of bacterial attachment to 
both fiber types, suggesting that their ability to form biofilms on PCL microfibers is not 
easily altered by the material microstructure (Figures 7a, c).  
 
Figure 7: Bacterial attachment (Log CFUs/cm
2
) to Pro3 fibers (black bars) and Pro4 
fibers (Grey bars. a): P. aeruginosa ; b): A. baumannii; c): L. monocytogenes. Data 
represent the mean of three independent replicates (± standard deviation, SD). 
To illustrate biofilm formation in both kinds of meshes, P. aeruginosa, the pathogen 
that showed the highest ability to colonize PCL microfibers, was selected to perform 
SEM experiments (Figure 8). As expected, and in line with the CFU counts, both Pro3 
and Pro4 presented biofilms spread across the mesh, appearing areas completely 
covered.  
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Figure 8: SEM images showing bacterial biofilms of P. aeruginosa formed on Pro3 (A, 
B, C)·and Pro4 fibers (D, E, F). A and D: Original magnification ×3000 (Scale bar =40 
µm); Images B and E: Original magnification ×10000 (Scale bar =10 µm); Images C 
and F: Original magnification ×30000 (Scale bar =4 µm). 
Previous studies have shown that fiber diameter and spacing influence the attachment to 
electrospun PS of some pathogenic species.
26, 27
 Abrigo et al. concluded that meshes 
with an average fiber diameter close to bacterial size were the best support for bacterial 
adhesion.
27
 In our study, changes in the bacterial load between meshes with different 
microstructure and microfiber diameter were not observed. In the present study, the 
microfibers had, in all cases, a diameter higher than that of the selected bacteria, and 
incubation time of the liquid cultures was much longer (48 hours) than that used by 
Abrigo et al. (1 hour). Therefore, both studies are not clearly comparable, as they focus 
on different stages of bacterial colonization. 
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Comparative analysis of bacterial colonization on different materials applied in the 
food and biomedical fields 
The pathogenic strains selected have shown good ability to colonize different 
electrospun PCL surfaces under the specific experimental conditions used. At this point, 
we decided to study their colonizing ability in other materials used in medical and food 
applications as well. Borosilicate glass and electrospun PLA microfiber meshes were 
selected. Borosilicate glass can be found in hospital environments, being part of medical 
devices, and coverslips made of this material are commonly used in research studies that 
involve the development of microbial biofilms. PLA is a thermoplastic and 
biodegradable aliphatic polyester derived from lactic acid that presents an excellent 
biocompatibility and mechanical properties, which makes it highly suitable for its use in 
a wide spectrum of applications in the medical field and in food packaging. The same 
experimental approach was used. Therefore, CFU counts were carried out on PCL 
(NBARE meshes), PLA and glass surfaces, and the obtained results were compared. 
The number of viable bacteria attached to borosilicate glass in comparison to PCL (Log 
CFUs/cm
2
) is shown in Figure 9. Clear differences could be observed between both 
surfaces. In all cases a statistically significant reduction in the number of bacteria 
attached to glass coverslips was observed. The colonization of PCL fibers was found 
between 1 and 3 log units higher than that of borosilicate glass coverslips in P. 
aeruginosa, A. baumannii and L. monocytogenes.  
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Figure 9: Bacterial attachment (Log CFUs/cm
2
) to borosilicate glass coverslips (black 
bars) and electrospun PCL meshes (Grey bars). a): P. aeruginosa; b): A. baumannii; c): 
L. monocytogenes. Data represent the mean of three independent replicates (± standard 
deviation, SD). Differences were stablished using a Student´s t-test, and considered 
significant at P≤0.05. **P≤0.01, ***P≤0.001, ****P≤0.0001. 
In order to study whether the attachment of the pathogenic strains to electrospun 
materials is influenced by their composition, the bacterial attachment in commercial 
PLA meshes was studied and compared with the PCL meshes. The viable bacterial 
counts corresponding to the biofilm formation in both fiber types is represented in 
Figure 10. PCL fibers seem to be more likely to be colonized by A. baumannii than 
PLA fibers (Figure 10b), but the observed differences were not statistically significant. 
In the case of L. monocytogenes and P. aeruginosa, very similar levels of colonization 
were observed in both types of fibers (Figure 10a, c). The results obtained in these 
comparative studies revealed that the scaffold provided by electrospun microfibers 
facilitates the attachment and proliferation of bacteria, being these structures more 
suitable to be colonized than borosilicate glass, whose characteristics such as its smooth 
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Figure 10: Bacterial attachment (Log CFUs/cm
2
) to electrospun PCL meshes (black 
bars) and electrospun PLA meshes (Grey bars) a): P. aeruginosa; b): A. baumannii; c): 
L. monocytogenes. Data represent three independent replicates (± standard deviation, 
SD). 
CONCLUSION 
Electrospun PCL microfiber meshes showed to be highly susceptible to be colonized by 
different pathogenic bacteria, such as P. aeruginosa, A. baumannii and L. 
monocytogenes, important pathogens involved in nosocomial infections and foodborne 
outbreaks respectively. SEM and CV experiments indicated that biofilms spread across 
the mesh, and the microbial biomass is uniformly dispersed along them. PCL and PLA 
microfiber meshes are better substrata for bacterial adhesion than other materials such 
as borosilicate glass, suggesting that the 3D structure of electrospun microfibers 
constitutes a an adequate support for bacterial attachment and proliferation. In this 
regard, we have also observed that the microfiber microstructure of the electrospun PCL 
meshes do not seem to influence the bacterial attachment in the species studied after 
long incubation times. Furthermore, the ability of the PCL meshes to detach biofilms 
from the substrate, as it was observed in the bacterial transfer experiments, opens the 
possibility of using this material as an efficient tool for cleaning and disinfecting 
wounds. The presented results suggest the relevance of functionalizing electrospun 
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microfibers with antimicrobial or antibiofilm agents prior their use in biomedicine or 
food industry applications to prevent their colonization by undesired pathogenic species.  
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